Objective: There is increasing interest in the use of administrative data for surveillance and research in Australia. The purpose of the present study was to evaluate the usefulness of such data for the surveillance of mood and anxiety disorder using databases from the following Canadian provinces: British Columbia, Ontario, Quebec and Nova Scotia. Method: A population-based record-linkage analysis was done using data from physician billings and hospital discharge abstracts, and community-based clinics using a case definition of ICD-9 diagnoses of 296.0-296.9, 311.0, and 300.0-300.9. Results: The prevalence of treated mood and/or anxiety disorder was similar in Nova Scotia, British Columbia, and Ontario at approximately 10%. The prevalence for Quebec was slightly lower at 8%. Findings from the provinces showed consistency across age and sex despite variations in data coding. Women tended to show a higher prevalence overall of mood and anxiety disorder than men. There was considerably more variation, however, when treated anxiety (300.0-300.9) and mood disorders (296.0-296.9, 311.0) were considered separately. Prevalence increased steadily to middle age, declining in the 50s and 60s, and then increased after 70 years of age. Conclusions: Administrative data can provide a useful, reliable and economical source of information for the surveillance of treated mood and/or anxiety disorder. Due to the lack of specifi city, however, in the diagnoses and data capture, it may be difficult to conduct surveillance of mood and anxiety disorders as separate entities. These fi ndings may have implications for the surveillance of mood and anxiety disorders in Australia with the development of a national network for the extraction, linkage and analysis of administrative data.
using our experience of similar linked administrative databases in Canada. By surveillance we mean the ongoing, systematic use of routinely collected population-based data to identify associations and predictors of health outcomes [6, 7] .
Although surveillance is commonly associated with communicable disease, administrative data are increasingly used for the surveillance of non-communicable disease such as mental illness, diabetes, arthritis, cancer, and circulatory disease [8] . In Canada the National Diabetes and Other Chronic Diseases Surveillance System describes the occurrence, trends, and distribution of mental illness to support policy, programming and service delivery to those needing mental health services, and those at risk for mental illness [9] .
An initial feasibility study focused on overall psychiatric disorder (ICD9 codes 290-319 inclusive, or their ICD-10 or DSM-IV equivalents) [9] . This included organic brain syndromes, psychosis, non-psychotic disorders, adjustment disorders, personality disorders and developmental disorders. The prevalence of treated psychiatric disorder was similar in Nova Scotia, British Columbia, Alberta and Ontario at approximately 15%, but slightly lower in Quebec (12%). Findings from the provinces showed consistency across age and sex despite variations in data coding [9] .
The present study evaluated the usefulness of administrative data for the surveillance of more specifi c categories of mental illness. We selected mood and anxiety disorders because of their relative prevalence as indicated by other studies such as the Canadian Community Health Australia is one of few countries with comprehensive, high-quality, population data on many aspects of health and health care. With data linkage, much information could be drawn from routine data without the intrusion and cost of additional data collection.
In the area of mental health, Western Australia and Victoria provide examples of research using linked databases. These include studies of mortality and physical comorbidity such as cardiovascular disease and cancer in psychiatric patients, as well as contacts with the criminal justice system [1] [2] [3] [4] [5] . Up to now, research has been restricted to State-held data such as hospital separations, community psychiatric contacts, cancer registries and vital statistics, but there are plans to include commonwealth data from Medicare and the Pharmaceutical Benefi ts Scheme. In addition, the Commonwealth Government has funded a network for the extraction, linkage and analysis of administrative data across Australia following the model of the Western Australian Data Linkage System (Figure 1 ). This Population Health Research Network (PHRN) is a national network with representation from all States and Territories that will use Australia's extensive health data to provide linkage across data sets to facilitate population health research (Figure 1 ). Commonwealth funding will fl ow through the University of Western Australia with matching funds from participating jurisdictions (Figure 1 the provincial health card number to avoid the possibility of doublecounting individuals who appeared in more than one provincial database. Irrespective of whether people appeared in one or more databases, they were counted once. We obtained ethics approval in each jurisdiction. We were unable to combine data across jurisdictions because of privacy legislation.
Case defi nition
A case was defi ned as at least one physician visit, or discharge from any hospital, with one of the following codes as the most-responsible diagnosis: mood disorders (ICD-9 codes: 296.0-296.9 and 311.0) and anxiety disorders (ICD-9 codes: 300.0-300.9), or their ICD-10 or DSM-IV equivalents. In British Columbia, a patient with either condition can be coded with a single '50B' code for anxiety/depression.
We included this code in our case defi nition. Rates were calculated annually. We also examined mood and anxiety disorders separately.
Analysis
We tested the case defi nition by determining the prevalence of treated mood and/or anxiety disorder in each jurisdiction and comparing rates across age, sex, time and geography. In two provinces (Ontario and Quebec) we also undertook sensitivity analyses of the effect of excluding ICD-9 codes 300.8 (somatoform) and 300.9 (neurosis-not otherwise specifi ed (NOS)) or their ICD10 equivalents.
The denominators in each province were derived from either the 2001
Canadian census or the provincial health insurance registry. Because publicly funded health insurance covers almost the entire Canadian population both information sources cover the same population. The only exceptions are people covered by Federal arrangements for health care such as those in the military or federal correctional facilities.
All fi ndings were standardized by age and sex to the 2001 Canadian population. Age was reported in 5 year groups based on the patient's age at year midpoint.
Results
The data covered 3-10 years depending on jurisdiction (Table 1 ). The prevalence of treated mood and/or anxiety disorder was similar in Nova Scotia, British Columbia and Ontario at approximately 10-11 % ( Table 1 ). The prevalence for Quebec was slightly lower at 8% (Table 1) .
There was considerably more variation, however, among provinces when we considered mood and anxiety disorders separately (Table 1) .
In most provinces the prevalence of obtaining services for anxiety was considerably greater than for mood disorder. In British Columbia, however, the reverse was true (Table 1) . One possible explanation was the large number of patients with code 50B for anxiety/depression, which was not used in the other three provinces. Table 1 shows the effect of code 50B on the prevalence of anxiety and depressive disorders.
Women had a higher prevalence of treated morbidity than men in all four jurisdictions. Figure 2 shows differences in prevalence by gender Survey (1.2) [10] . We examined them both as a combined entity, and as separate categories. We used the administrative databases from British Columbia, Ontario, Quebec and Nova Scotia. We combined mood and anxiety disorders because there is a large overlap in anxiety and depressive symptoms, especially in primary care, where the vast majority of psychiatric disorder is treated. Longitudinally, the course of anxiety disorders is often complicated by depression and vice versa [11] . In recognition of this overlap, ICD-10 includes a category of mixed anxiety and depressive disorder [12] .
Support for an overlap between depression and anxiety also comes from twin studies, in which generalized anxiety and depression are genetically indistinguishable [13, 14] . In addition, the two conditions have common personality traits, such as high levels of neuroticism [15] .
Methods

Setting
Canada (33 million) is a federation of 10 provinces and three territories with a tradition of publicly funded welfare, pensions and health care. Under the Canada Health Act, all Canadian residents are entitled to inpatient or outpatient care that is free at the point of delivery.
Patients receive treatment at publicly funded facilities, or are seen by private psychiatrists or general practitioners in the community who bill the provincial health plan of residence. Provincial health plans, however, do not cover visits to private psychologists or other mental health professionals in private practice. There are no private psychiatric beds.
The present study uses the routine administrative data that were collected in each province covering contacts at publicly funded facilities, as well as billings from medical specialists and general practitioners.
Data sources
This was a sample of four provinces with ready access to the following administrative databases: (i) physician billings data covering all fee-for-service claims including service date, physician type and associated diagnosis(ses) (these are the equivalent of Medicare data in Australia); and (ii) hospital discharge data (Med-Echo in Quebec, the Discharge Abstract Database in other provinces) including separation/ admission dates and diagnoses.
Coverage was province-wide except for Quebec, where it was limited to the Island of Montreal because of cost and time constraints. Table 1 shows the population size of each jurisdiction, as well as changes in population over the two relevant censuses (2001 and 2006) . At >18 million people, the study covered more than half the total population of Canada (Table 1) . Records were included to 1995 where possible.
Data were depersonalized or aggregated for privacy and confi dentiality, and linked within each province through an encrypted unique identifi er to further ensure anonymity. This unique identifi er was derived from then increasing again after 70 years of age ( Figure 3 ). There was no change in the pattern over the 9 years covered by the data (Figure 3 ). The other provinces showed a similar pattern [16] . Excluding codes for somatoform disorders and neurosis-NOS made little difference to overall prevalence.
Discussion
There are several information sources on the prevalence of mental illness including medical charts, electronic medical records, administrative records, and self-report surveys [17, 18] .
for treated mood and/or anxiety disorder in the most populous province (Ontario) where, coincidentally, data were available for the greatest number of years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . The disparity in prevalence between genders was generally greatest for anxiety disorders. For instance in Nova Scotia the annual rate for mood disorder in women was 1.8-2.1% while the rate for men was consistently lower at around 1%. In the case of anxiety, the rates for women ranged from 10.8% to 11.4%, whereas the rates for men were from 5.8% to 6.1%. Figure 3 shows differences in prevalence by age for treated mood and/ or anxiety disorder in the most populous province (Ontario) where, again, data were available for the greatest number of years (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . Prevalence increased steadily to middle age, declining in the 50s and 60s, and Figure 2 . Percentage prevalence of accessing services for mental illness for anxiety and/or mood disorders by gender by year for Ontario (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . concern inpatient morbidity [23,24], rather than physician billings, where most encounters occur.
The present study has shown the feasibility of using administrative data to measure the prevalence of treated mood and/or anxiety disorder by age, gender and time. Despite suspected variations in data coding, the results show acceptable uniformity across the provinces. Rates were stable over time in spite of changes in population size over the period covered by the study. The rate of between 10% and 11% for combined mood and/or anxiety disorder is similar to the prevalence reported in the Stirling County Study, the longest longitudinal epidemiological study of psychiatric morbidity in Canada [11] . Quebec had a slightly lower prevalence possibly because the sample included only Montreal, where psychologists, who were not captured in these data, play a greater role in treatment than in the other three provinces.
The present results are also consistent with fi ndings for depression and anxiety from the Canadian Community Health Survey of 2002 [10] . The rates are lower, however, than those reported in Australia, where the 2007 National Survey of Mental Health and Wellbeing reported a 12 month prevalence of 20% for anxiety and affective disorder [19] . The reasons for this are unclear and cannot entirely be explained by differences in methodology. At the clinical level, medical charts and electronic medical records often contain detailed information but are both time-consuming and expensive to retrieve and review [17] . Data quality may also vary [18] . At a population level, self-report community surveys are more practical for estimating the prevalence of mental illness and are more representative of all cases, not just those presenting for treatment. Examples include the Canadian Community Health Survey Cycle (CCHS) 1.2 and the 2007 National Survey of Mental Health and Wellbeing in Australia, which both focused on mental health [10, 19] . They are, however, subject to recall bias, diminishing response rates, and, because they are expensive to undertake, are often conducted just once or repeated on an irregular, cross-sectional basis. Because of this they are not suitable for the collection of longitudinal data. For instance, differences in methodology between the National Surveys of Mental Health and Wellbeing of 1997 and 2007 have made the comparison of results over time diffi cult [19] . Furthermore, surveys may miss people who are in remission at the time of interview, such as those taking antidepressants, if lifetime symptoms are not assessed [20] .
Administrative data have several advantages over community surveys, or data derived from individual clinical settings. They provide accessible and timely longitudinal data for an entire jurisdiction at relatively little cost, and so can be useful for chronic disease surveillance [21, 22] . Their major weakness is that they were designed for billing, rather than surveillance, and so data accuracy may be compromised. Most data on accuracy Figure 3 . Mental illness for anxiety and/or mood disorders vs age group and year for Ontario (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . recall or recording bias and that they cover different, albeit overlapping, populations [43] . For example, surveys identify people with unmet need not included in administrative data [10] . In Canada the CCHS 1.2 reported that only 32% of those with mental disorders or substance use had talked to a health professional in the preceding 12 months [10] . As in a previous study of overall psychiatric morbidity using administrative data [9] , the prevalence of mood and/or anxiety disorder did not decline with increasing age, in contrast to the prevalence in many surveys where it does [10] . Again, this may be due to recall or recording bias and different sampling frames. For instance, older people may present more commonly with somatic symptoms of common mental disorders, and be less likely to admit to psychiatric care in a survey.
Administrative data have limitations including recording bias, especially for diagnosis [9] . We emphasized overall mood and anxiety disorder rather than specifi c mood or anxiety disorders to minimize this. Administrative data include only treated mood and anxiety disorder captured through physician billings or inpatient data. Other work, however, has shown that when data on visits to other disciplines in publicly funded outpatient facilities are available, they make little difference to the treated prevalence rate [9] . We had most access to data from Ontario but, with a population of 11.5 million, this was by far the largest jurisdiction covered by the present study compared to a combined total from all the other jurisdictions of only 6.6 million. Finally, this was a sample of only four provinces, and the Quebec sample was restricted to Montreal.
These fi ndings suggest that administrative data from hospital morbidity and physician billings can be used for surveillance of the prevalence of treated mood and/or anxiety disorder. These data can complement clinical records and community surveys. Such a surveillance system can provide longitudinal data at little cost for health service provision and planning.
The surveillance of mood and anxiety disorders as separate entities, however, may be diffi cult due to lack of specifi city in the diagnoses and data capture. A combined measure is therefore recommended for surveillance.
The PHRN in Australia offers the potential for a similar platform for surveillance and research. Unlike Canada, it may be possible to link anonymised data across Australia through the use of robust protocols to preserve confi dentiality [44] . specifi c mental disorders [19, 25] . One reason for the discrepancy might be that one study used defi nitions and criteria of the WHO International Classifi cation of Diseases, Tenth Revision (ICD-10) while the other used DSM-IV. Another might be that the 2007 National Survey of Mental Health and Wellbeing was designed to provide lifetime prevalence estimates for mental disorders [19] . Twelve month diagnoses were based on lifetime diagnosis and the presence of symptoms of that disorder in the 12 months prior to the survey interview rather than the full diagnostic criteria.
In contrast to our results for mood and anxiety disorders when combined, there was considerably more variation when the two disorders were considered separately. Although the treated prevalence for anxiety in the present study was similar to those from population surveys [10, 11] , the rate for mood disorder was much lower. In addition, there was variation among provinces in the ratio of anxiety to mood disorder. In most provinces, treated anxiety disorder was twice as common as mood disorder, refl ecting fi ndings from surveys [10, 11] . The reverse was true, however, for British Columbia. Receipt of services for mood and anxiety disorder may be diffi cult to distinguish because of overlaps in coding (e.g. code 50B for anxiety/depression), and clinical features (e.g. presentations in primary care) [26] . An estimated 85% of patients with mood disorder have symptoms of anxiety, and 58% have a diagnosable anxiety disorder during their lifetime [27] . The prevalence of comorbid generalized anxiety and depression, the most common combination, has been reported in as high as 60-90% of patients with generalized anxiety in the community [28] . There is a two-way relationship because 50% of patients with anxiety also experience depression at some stage [11] .
The relationship between anxiety and mood disorders has been controversial [11, 12] . Some researchers believe that generalized anxiety and mood disorders are separate disorders and that when they occur together, this marks c-morbidity [29] [30] [31] [32] . For instance generalized anxiety and depression are distinct neurophysiologically, with differences in rapid eye movement latency [33] . The two conditions also share relatively few childhood risk factors [34] . Other researchers emphasize the diffi culties of distinguishing between the two conditions [35] [36] [37] . In particular, generalized anxiety seems more closely related to mood than to panic or phobic disorders. Longitudinally, anxiety often both precedes and follows depression [11, [38] [39] [40] [41] [42] . It is not surprising therefore that this ambiguity is refl ected in our administrative data.
Discrepancies between administrative and survey data can also be partly explained by different biases such as
